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A glassy carbon electrode (GCE) was modified with a fullerene/Multiwalled Carbon Nanotubes (MWCNTs)/Nafion composite
and applied to the determination of carbendazim, a fungicide. The voltammetric behavior of the analyte was investigated using
Cyclic Voltammetry (CV), on the bare GCE and on the same electrode coated by a thin film of the composite material. The
electrode response was more than fourfold important on the modified electrode, due to electrical conductivity of fullerene and
MWCNT and to favorable electrostatic interaction between the negatively charged Nafion and the protonated fungicide. A sensitive
electroanalytical procedure based on Square Wave Voltammetry (SWV) was then developed to detect the analyte. Under the
optimum conditions, a linear relationship was obtained between the peak current and the concentration of carbendazim, in the
range from 2.0 x 10~ mol/L to 3.5 x 10”7 mol/L, leading to a detection limit of 1.7 x 10"* mol/L and to a quantification limit of 5.57

x 10~® mol/L. The developed procedure was successfully applied to detect carbendazim upon adsorption by some ferritic soils.

1. Introduction

Carbendazim or methyl 1H-benzimidazole-2-ylcarbamate
(MBC) is a fungicide that belongs to the benzimidazole
group. When applied on soils, it persists for a long time,
because its degradation is slow [1] and it is harmful to the
human body. Several analytical methods have been proposed
for the quantitative determination of this compound. These
methods include high performance liquid chromatography,
capillary electrophoresis, liquid chromatography/time-of-
flight mass spectrometry, and ultraperformance liquid chro-
matography coupled to tandem mass spectrometry [2-10].
MWCNTs are now considered as important electrode modi-
fiers due to their ability to promote electron transfer in elec-
trochemical reactions and to their strong capability to con-
tribute to the electrocatalytic effect [11]. Due to the electro-
chemical properties of fullerenes, their application as new and

effective electrocatalysts for various chemical and biochem-
ical reactions and the designing of electrochemical sensors
based on fullerenes are under increasing investigation [12].
Besides, Nafion is a perfluorinated sulfonated cation
exchanger polymer that has been widely used in electro-
chemistry to modify electrodes because it possesses many
excellent properties such as chemical inertness, thermal
stability, mechanical strength, huge cation exchange capacity,
and antifouling properties [13]. Therefore, it is expected that,
by combining carbon nanotubes and fullerenes and Nafion as
electrode modifier, a synergistic effect of these components
could lead to a sensitive sensor. In this work, it is found that
fullerene/MWCNT can be easily dispersed into ethanol in
the presence of Nafion, giving a stable and homogeneous
fullerene/MWCNT/Nafion dispersion. A sensor was thus
developed, which results from the coating of a glassy carbon
electrode using the previously mentioned dispersion. The
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developed sensor was optimized and critically compared with
a spectrophotometric method both used to quantify residues
of MBC upon adsorption by soil samples.

2. Experimental

2.1. Apparatus and Reagents. Electrochemical measurements
were carried out using a p-Autolab potentiostat-galvanostat
(type III) running with the GPES software, supplied by
EcoChemie, Utrecht (Netherlands). A standard single com-
partment three-electrode cell was used. Electrode potentials
were measured with respect to an Ag/AgCl/3 M KCI refer-
ence electrode (Metrohm, Ref 6.0726.100). A stainless steel
rod was used as counter electrode. The working electrode
was a fullerene/MWCNT/Nafion modified GCE prepared as
described below.

Upon adsorption by soils, MBC concentration of the
filtrates was spectrophotometrically determined using a JEN-
WAY Spectrometer. IR spectra of soils samples were obtained
at room temperature in the spectral range from 4500 to
375cm™" with a resolution of 2cm™, on a Spectrometer
(Alpha, Bruker Optics) equipped with the OPUS/Mentor
software which provides an intuitive interface and facilitates
the analysis of scans.

MBC (99%) was purchased from Riedel-de-Haén. Full-
erene/MWCNT mixture powder (95%, 3-20nm OD, 2-
5nm ID, 0.1-10 ym length) and Nafion (5% w/w in EtOH)
were obtained from Alfa Aesar. NH,Cl, H;PO, (>85%),
KH,PO,, and K,HPO, were obtained from Sigma-Aldrich.
CH;COOH, CH;COONa, H,SO,, CH;CH,OH, and all
other chemicals were of analytical reagent grade and used
as received. The solutions and subsequent dilutions were
prepared with distilled water.

2.2. Electrode Surface Modification Procedure. Prior to its
modification by drop-coating, each GCE was polished with
alumina pastes of different sizes (1, then 0.05 ym) on billiard
cloth. They were then placed in a 1: 1 ethanol-water solution
and properly cleaned in a sonicator for 10 min to eliminate
any remaining alumina particles. 2 mg of fullerene/ MWCNT
was dispersed in 1mL Nafion (5%) and then in 1mL
ethanol by ultrasonication for 1 hour to give homogeneous
fullerene/MWCNT/Nafion and fullerene/MWCNT disper-
sions. The GCE surface was coated with 7 yL of each result-
ing dispersion and dried at room temperature for 30 min
to obtain, respectively, fullerene/MWCNT/Nafion/GCE and
fullerene/MWCNT/GCE that were afterwards used as work-
ing electrodes.

2.3. Electrochemical Procedure. All experiments were per-
formed at room temperature. The electrochemical behavior
of MBC was investigated using the bare and modified GCEs,
by CV performed in the potential window of 0.4 to 1.5V
versus Ag/AgCl (at a scan rate of 100 mV/s). The stripping
voltammetric determination of MBC was carried out by SWV
following 2 steps: (i) the accumulation at open circuit of
MBC at the working electrode immersed in 10 mL of acetate
buffer solution (0.01 mol/L, pH 4) containing MBC and kept
under stirring; (ii) the detection of accumulated MBC in
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ammoniacal buffer (0.1mol/L, pH 9) used as supporting
electrolyte. An accumulation time of 8 min at open circuit
was used for quantitative measurements. The scan parameters
included a pulse potential frequency of 25 Hz, an amplitude
of 80mV, a scan rate of 250 mV/s, and a step potential
of 10 mV. Following each measurement, the electrode was
cleaned by stirring in distilled water until obtaining a flat
voltammogram.

2.4. Soil Samples and Sorption Study. Two soil samples origi-
nating from Nkounke (Foumbot, West Region, Cameroon)
were characterized and used in this study. They are NKI
collected between 20 and 33 cm in depth and NK3 sample
collected on a savanna cultivated soil between 0 and 20 cm
in depth. For the adsorption of MBC by soil samples, a given
mass of soil was weighed and introduced into 25 mL flask
containing 15 mL of a solution of a known concentration of
MBC. Each flask was then hermetically closed, placed on an
agitator, and agitated for 60 min. The mixture was allowed to
rest for a few minutes, then a part of the solution from the
upper liquid layer was removed using a micropipette, and the
concentration of residual MBC was determined using both
SWYV and spectrophotometry.

3. Results and Discussion

3.1. Electrochemical Behavior of MBC on Fullerene/ MWCNT/
Nafion/GCE. The electrochemical behavior of 3 x 10~ mol/L
MBC on different electrodes was studied by CV in 0.01 mol/L
acetate buffer at pH 5 and Figure1 presents the obtained
voltammograms: one can notice that the electrochemical
behavior of MBC at all investigated working electrodes is
a quasi-reversible oxidation [14, 19]. The electrochemical
response at fullerene/MWCNT/Nafion/GCE was more pro-
nounced in terms of peak current. This can be explained
by the high electrical conductivity of fullerene/MWCNT
and electrostatic interactions between the negatively charged
Nafion (bearing SO;~ groups) and the protonated amine
groups (NH; ") of MBC [22]. This electrode was exploited for
further experiments as working electrode.

3.2. Influence of Mass of Fullerene/MWCNT. The accumu-
lation capacity of the thin film on the GCE is expected
to depend on the amount of fullerene/MWCNT in the
dispersion used to modify the electrode surface. The anodic
peak intensity increases with an increase in the amount
of fullerene/MWCNT and reaches a maximum value cor-
responding to 3mg of fullerene/ MWCNT (Figure 2(a)).
Beyond this mass, current intensity decreases. This can be
explained by the fact that the suspension becomes more
consistent and thus forms a barrier to electron transfer. 3 mg
is then taken as the optimal amount of fullerene/MWCNT in
the dispersion.

3.3. Influence of Nafion Concentration. Keeping the amount
of fullerene/MWCNT constant in the dispersion used to
modify the GCE surface (3 mg in 1 mL EtOH), the amount of
Nafion introduced in that dispersion was varied. Figure 2(b)
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FIGURE I: Cyclic voltammograms recorded in 0.01mol/L acetate
buffer (pH 5) for 3 x 107> mol/L MBC on (A) bare GCE, (B) full-
erene/ MWCNT/GCE, and (C) fullerene/MWCNT/Nafion/GCE.
Potential scan rate: 100 mV/s.

presents the evolution of anodic peak current (I,) versus
the percentage of Nafion; I, decreases with an increase in
Nafion concentration. For dispersion containing 1 to 2%,
the electrode response was relatively high and decreased as
the dispersion became more concentrated as observed by
de Oliveira et al. (2004) [22]. This feature could be due to
a more viscous dispersion that limits the mass transfer of
MBC within the bulk of working electrode. A dispersion
containing 1% Nafion was taken as optimal concentration in
the subsequent experiments.

3.4. Influence of pH of Detection and Accumulation Media.
Figure 3(a) shows the variation of the electrochemical
response in 0.1mol/L ammoniacal buffer at different pH
values, upon preconcentration in 0.01 mol/L acetate buffer
solution (pH 5) containing 4 x 10~° mol/L MBC. The detec-
tion of MBC was quite low in acidic medium, but favorable
in basic medium, similarly to a previous published work
(Hernandez et al., 1996) [14]. A 0.1 mol/L ammoniacal buffer
solution at pH 9 was further selected as optimal detection
medium. The variation of the accumulation medium pH
(Figure 3(b)) shows that current intensities increase in acidic
solution from pH1to pH 4 and then diminish steeply to pH 8.
The maximum current is recorded when the accumulation is
performed at pH 4, a value close to the pK, of MBC (4.5) and
to a value previously obtained by Ribeiro et al. (2011) [19]. This
could be explained by the protonated form of MBC which is
best accumulated for pH before its pK,, due to the presence
of the negatively charged Nafion at the composite material at
the electrode.

3.5. Influence of Deposition Potential. Figure 4 shows the
variation of peak current as a function of electrolysis
potential. A maximum is reached at —0.4V and the peak

current drops beyond this value which was taken as
the best compromise for the electrolysis of MBC on the
fullerene/MWCNT/Nafion/GCE working electrode.

3.6. Influence of Accumulation Time. The SWV peak current
of MBC was highly dependent on preconcentration time, as
shown on Figure 5. Between 60 and 300 s accumulation time,
the electrode signal was almost linear, reaching a plateau
when preconcentration was performed between 300 and
500s. It appears that a saturation of exchange sites at the
working electrode is reached after 300 s preconcentration.
For subsequent analyses, the accumulation of MBC was
performed for at least 8 min prior to its detection by SWV.

3.7. Stability and Reproducibility of Electrode. Reproducible
current responses were noticed and the results from four
different electrodes recorded by analyzing a solution of 5
x 107" mol/L MBC yielded a relative standard deviation
(RSD) value of 3.12%. The stability of the response was
measured with the same electrode after five measurements
with 2 x 107 mol/L MBC, leading to a RSD value of 0.25%.
This indicated that the developed method is reliable and
reproducible.

3.8. Calibration Curve. Under the optimized conditions
established in previous sections, the concentration of MBC
was varied in the range of 2 x 107 mol/L to 3.5 x 10~ mol/L
and Figure 6(a) presents the curves obtained by SWV. A lin-
ear dependence was observed between the electrode response
expressed as peak current (I,) and MBC concentration,
according to the equation I » (A) = 420.97 [MBC] (mol/L) +

2.28141 x 107% characterized by a correlation coefficient (R?)
of 0.999 (Figure 6(b)). The limit of detection LOD (3 SD/m)
is .7 x 10°°mol/L and the limit of quantification LOQ
(10 SD/m) is 5.57 x 10~® mol/L, where SD is the blank standard
deviation and m is the slope of the calibration curve [22, 23].

The performance of the fullerene/MWCNT/Nafion/GCE
was compared to reported methods and modified electrodes
for the determination of MBC, as shown in Table 1. It is
observed that fullerene/MWCNT/Nafion/GCE exhibited a
good LOD, a low peak potential, and a high sensitivity.

3.9. Interference Study and Analytical Application. The devel-
oped analytical method was applied to the quantification of
MBC upon adsorption by 2 soil samples. Prior to that, the
influence of some ions (likely to exist in soils such as KV,
Na*, Ca**, Mg*", and Fe**) on the peak currents of MBC was
studied using 6 x 10~° mol/L MBC (I, = 2.53 x 10 A) in the
supporting electrolyte (Table 2). The results for three tests of
each ion indicated that concentration 1000 times that of MBC
did not significantly affect the determination of MBC.

The utility of the modified electrode prepared in this
study for the determination of MBC was tested in a compara-
tive way. Thus, two soils samples with characteristics gathered
in Table 3 were used as sorbents to adsorb MBC. The FTIR
spectra of NK1 and NK3 soil samples recorded in the 300-
4000 cm™ region are, respectively, presented in Figure 7.
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Effect of Nafion concentration on the peak current of 107> mol/L MBC. Experimental conditions: accumulation in 0.01 mol/L acetate buffer
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electrode response. For both curves, preconcentration was performed for 10 min in 0.01 mol/L acetate buffer (pH 5) containing 4 x 10~° mol/L
MBC, while detection was performed in 0.1 mol/L ammoniacal buffer (pH 9). Other experimental conditions as in Figure 2.

The absorption bands at 3690 and 3625cm™ in NK3
sample and 3694 and 3619 cm ™' in NK1 sample correspond to
interlayer hydroxyl group stretching of kaolinite in samples
[24, 25]. The absorption bands observed around 1400 and
1630cm ™" in Figure7 are ascribed, respectively, to C-H
stretching vibration of organic matter and O-H deformation
of molecular water [26, 27], while the bands around 1000
and 910 cm™" could be ascribed, respectively, to Si-O and
Al-AlOH stretching vibration bands of kaolinite. Also, the

band observed at 745-790 cm™" can be ascribed to Si-O-
Si intertetrahedral bridging bonds in silica contained in
kaolinite as major mineral [25].

For sorption experiments, a known volume of 5 X
107> mol/L MBC was added to each soil sample and after
60 min agitation, the amount of MBC in the residual solution
was determined as described in the experimental section.

Table 4 compares the results obtained by the developed
electrochemical method and by UV-Visible spectroscopy. For
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TaBLE 1: Comparisons of different modified electrodes used to assess the MBC amperometric response.

Modified electrode (I?l(())ll/)L) (S;I;Isllgiilll tg) Potential (V) Reference
Silicone OV-17/GCE 48x1078 2.868 — [14]
MC/GCE 9.6 X107 0.0896 L5 (15]
MWNTs/GCE 52x107° 0.01861 1.4 (16]
MWNT-PMRE/GCE 9.0x107° 2.31 1.22 (17]
CD-GNs/GCE 2.0x107° 301.02 0.78 (18]
MWCNT/GCE 55x107° 4.28 0.96 (19]
GO-MWCNT/GCE 5.0 x107° 2.73 11 [20]
Si0,/MWCNT/GCE 5.6x107° 0.485 0.73 [21]
Fullerene/MWCNT/Nafion/GCE 1.7 x1078 419.69 0.67 Present work
TaBLE 2: Influence of ionic species on the peak current of 6 x ]
107® mol/L MBC (I,=253x 107 A) in 0.1 mol/L ammoniacal buffer 10
at pH 9. T
Tonic species Concentration Contribution (%) 1
(mol/L) "I, mpc) = 100% 2 5 -
Ca?* 6x107° ~1.42 =
2+ -5 5
Mg 6 x10 +1.84 = 1
=3
K* 6x107° -1.78 > 2 -
< —
Na* 6x107° -1.90 &
Fe’* 6x107° -1.84 1
n=3
10
52
T T T T T T T T T T
0 100 200 300 400 500
48 - Accumulation time (s)
FIGURE 5: Effect of accumulation time on peak current of 1.2 x
:n; 44 10~ mol/L MBC in 0.1 mol/L ammoniacal buffer at pH 9. Other
= SWYV experimental conditions: amplitude: 0.08 V, deposition poten-
§ tial: —0.4'V; and frequency: 25 Hz.
3 40
=4
&
36 the concentration of MBC in the filtrate was calculated
using the dilution effect. By UV-Vis spectroscopy (Table 4),
. the absorbance of the filtrate was measured (NKI: 0.101,
NK3: 0.119) and the corresponding concentrations of the

T T T T T T T T !
-0.8 -0.4 0.0 0.4 0.8

Deposition potential (V)

FIGURE 4: Effect of deposition potential on the peak current of
10~ mol/L MBC, after 10 min preconcentration in 0.01 mol/L acetate
buffer (pH 5) and detection in 0.1 mol/L ammoniacal buffer (pH 9).
Other experimental conditions as in Figure 2.

the determination using SWV, 100 uL of residual solution
was added to 50 mL of the supporting electrolyte. After
three replicate measurements, the mean generated currents
were 1.818 x 107 A and 1.841 x 107> A, respectively, for NK1
and NK3 samples. The corresponding concentrations were
calculated using the equation of the calibration curve. Finally,

filtrate were calculated using its equation calibration (Y =
14990.90909X — 0.1332). From Table 4, both soils adsorb
each more than 60% of the amount of the MBC initially
present. However, one can notice that the recovery rate for
the voltammetric method is higher than that obtained with
spectrophotometric method. This reveals that the sensor
herein proposed can be favorably exploited in soil sciences
for the analysis of MBC.

4, Conclusion

This work has developed a composite fullerene/MWCNT/
Nafion based sensor to detect carbendazim residues.
Under the selected conditions, the oxidation peak current
was proportional to MBC concentration in the range of
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FIGURE 7: IR spectra (4000-400 cm™!) NK1 and NK3 soil samples.

2.0 x 10" mol/L t0 3.5 x 10”7 mol/L, and a novel voltammetric
method for the determination of MBC was developed with
the detection limit as low as 1.7 x 107® mol/L. The proposed
method, shown to be reliable, was further applied to detect
MBC upon adsorption by soil samples.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgment

The financial support from the Academy of Science for
the Developing World (Grant no. 12-117 RG/CHE/AF/AC-
G; UNESCO FR: 12-117 RG/CHE/AF/AC-G) is gratefully
acknowledged.

References

[1] P.Mazellier, E. Leroy, J. de Laat, and B. Legube, “Degradation of
carbendazim by UV/H,0, investigated by kinetic modelling,”
Environmental Chemistry Letters, vol. 1, no. 1, pp. 68-72, 2003.

[2] E. Hogendoorn and P. V. Zoonen, “Recent and future develop-
ments of liquid chroma-tography in pesticide trace analysis,”
Journal of Chromatography A, vol. 892, no. 1-2, pp. 435-453,
2000.

[3] M. J. Rodriguez-Cuesta, R. Boqué, F. X. Rius, D. P. Zamora,
M. M. Galera, and A. G. Frenich, “Determination of carben-
dazim, fuberidazole and thiabendazole by three-dimensional
excitation-emission matrix fluorescence and parallel factor
analysis,” Analytica Chimica Acta, vol. 491, no. 1, pp. 47-56, 2003.

[4] M. M. Galera, D. P. Zamora, J. L. M. Vidal et al., “Determination
of carbendazim, thiabendazole and fuberidazole using a net
analyte signal-based method,” Talanta, vol. 59, no. 6, pp. 1107-
1116, 2003.

[5] Y. Picd, R. Rodriguez, and J. Maiies, “Capillary electrophoresis
for the determination of pesticide residues,” TrAC Trends in
Analytical Chemistry, vol. 22, no. 3, pp. 133-151, 2003.

[6] A. L. Monz6n, D. V. Moreno, M. E. T. Padrén, Z. S. Fer-
rera, and J. J. S. Rodriguez, “Solid-phase microextraction of
benzimidazole fungicides in environmental liquid samples and
HPLC-fluorescence determination,” Analytical and Bioanalyti-
cal Chemistry, vol. 387, no. 6, pp. 1957-1963, 2007.

[7] 1. Ferrer and E. M. Thurman, “Multi-residue method for the
analysis of 101 pesticides and their degradates in food and



International Journal of Electrochemistry

(8]

(10]

(12]

(13]

(16]

(17]

(20]

(21]

water samples by liquid chromatography/time-of-flight mass
spectrometry; Journal of Chromatography A, vol. 1175, no. 1, pp.
24-37,2007.

S.-H. Zhu, H.-L. Wu, B.-R. Li et al., “Determination of pesticides
in honey using excitation-emission matrix fluorescence coupled
with second-order calibration and second-order standard addi-
tion methods,” Analytica Chimica Acta, vol. 619, no. 2, pp. 165-
172, 2008.

R. Romero-Gonzélez, A. G. Frenich, and J. L. M. Vidal, “Mul-
tiresidue method for fast determination of pesticides in fruit
juices by ultra performance liquid chromatography coupled to
tandem mass spectrometry, Talanta, vol. 76, no. 1, pp. 211-225,
2008.

M. C. Gennaro, E. Marengo, V. Gianotti, and V. Maurino, “New
strategies for the determination of phenylurea pesticides by
gas chromatography with hot splitless inlet systems,” Journal of
Chromatography A, vol. 910, no. 1, pp. 79-86, 2001.

P. L. A. Sundari, S. P. Palaniappan, and P. Manisankar,
“Enhanced sensing of carbendazim, a fungicide on function-
alized multiwalled carbon nanotube modified glassy carbon
electrode and its determination in real samples,” Analytical
Letters, vol. 43, no. 9, pp. 1457-1470, 2010.

B. S. Sherigara, W. Kutner, and E. De Souza, “Electrocatalytic
properties and sensor applications of fullerenes and carbon
nanotubes,” Electroanalysis, vol. 15, no. 9, pp. 753-772, 2003.

X. Xie, T. Gan, D. Sun, and K. Wu, “Application of multi-walled
carbon nanotubes/nafion composite film in electrochemical
determination of Pb**)” Fullerenes Nanotubes and Carbon
Nanostructures, vol. 16, no. 2, pp- 103-113, 2008.

P. Hernandez, Y. Ballesteros, F. Galan, and L. Hernandez,
“Determination of carbendazim with a graphite electrode mod-
ified with silicone OV-17,” Electroanalysis, vol. 8, no. 10, pp. 941-
946, 1996.

P. Manisankar, G. Selvanathan, and C. Vedhi, “Utilization
of sodium montmorillonite clay-modified electrode for the
determination of isoproturon and carbendazim in soil and
water samples,” Applied Clay Science, vol. 29, no. 3-4, pp. 249-
257,2005.

P. Manisankar, G. Selvanathan, and C. Vedhi, “Determination of
pesticides using heteropolyacid montmorillonite clay-modified
electrode with surfactant,” Talanta, vol. 68, no. 3, pp. 686-692,
2006.

J. Li and Y. Chi, “Determination of carbendazim with multi-
walled carbon nanotubes-polymeric methyl red film modified
electrode,” Pesticide Biochemistry and Physiology, vol. 93, no. 3,
pp. 101-104, 2009.

Y. Guo, S. Guo, J. Li, E. Wang, and S. Dong, “Cyclodextrin-
graphene hybrid nanosheets as enhanced sensing platform for
ultrasensitive determination of carbendazim,” Talanta, vol. 84,
no. 1, pp. 60-64, 2011.

W. E Ribeiro, T. M. G. Selva, I. C. Lopes et al., “Electroanalyt-
ical determination of carbendazim by square wave adsorptive
stripping voltammetry with a multiwalled carbon nanotubes
modified electrode,” Analytical Methods, vol. 3, no. 5, pp. 1202—
1206, 2011.

S. Luo, Y. Wu, and H. Gou, “A voltammetric sensor based
on GO-MWNTs hybrid nanomaterial-modified electrode for
determination of carbendazim in soil and water samples,” Ionics,
vol. 19, no. 4, pp- 673-680, 2013.

C. A. Razzino, L. E Sgobbi, T. C. Canevari, J. Cancino, and
S. A. S. Machado, “Sensitive determination of carbendazim in

(22]

[25

[26]

(27]

orange juice by electrode modified with hybrid material,” Food
Chemistry, vol. 170, pp. 360-365, 2015.

U. M. E de Oliveira, J. Lichtig, and J. C. Masini, “Evaluation
of a nafion coated glassy carbon electrode for determination
of paraquat by differential pulse voltammetry,” Journal of the
Brazilian Chemical Society, vol. 15, no. 5, pp. 735-741, 2004.

O. Benedito da Silva and S. A. S. MacHado, “Evaluation of
the detection and quantification limits in electroanalysis using
two popular methods: application in the case study of paraquat
determination,” Analytical Methods, vol. 4, no. 8, pp. 2348-2354,
2012.

I. K. Tonlé, S. Letaief, E. Ngameni, A. Walcarius, and C.
Detellier, “Square wave voltammetric determination of lead(II)
ions using a carbon paste electrode modified by a thiol-
functionalized kaolinite,” Electroanalysis, vol. 23, no. 1, pp. 245-
252, 2011.

J. Bertaux, E Frohlich, and P. Ildefonse, “Multicomponent
analysis of FTIR spectra: quantification of amorphous and
crystallized mineral phases in synthetic and natural sediments,”
Journal of Sedimentary Research, vol. 68, no. 3, pp. 440-447,
1998.

H. L. Tcheumi, I. K. Tonle, A. Walcarius, and E. Ngameni,
“Electrocatalytic and sensors properties of natural smectite type
clay towards the detection of paraquat using a film-modified
electrode,” American Journal of Analytical Chemistry, vol. 3, no.
11, pp. 746-754, 2012.

R. R. A. Viscarra, A. M. Mouazen, and J. Wetterlud, “Visible
and near infrared spectroscopy in soil science,” in Advances in
Agronomy, vol. 107, pp. 163-215, Academic Press, 2010.



Ll

=

=

International Journal of

Medicinal Chemistry

International Journal of

Carbohydrate »
Chemistry

The Scientific
\(\(orld Journal

TTI—

?
»=

s 9
£

Organic Chemistry
International

Hindawi

Internatiqnal Journal of !
Analytical Chemistry

- e

Advances in

Physical Chemistry

Submit your manuscripts at
http://www.hindawi.com

Journal of

Spectroscopy

Journal of

Theoretical Chemistry

lnternationa_\ Journal of )
Inorganlc Chemlstry

Chromatography
Research International

International Journal of

Electrochemistry

Journal of

Applied Chemistry

Chemistry

Journal of .
Quantum Chemistry

Journal of

Analytical Methods ﬁ

in Chemistry




